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Chlorination of Naproxen: Removal, Transformation and Risk Assessment

FAN Xin-xin, DU Er-deng” , LI Jia-qi, ZHAO Li-li, WANG Yu-lin, PENG Ming-guo oy
(School of Environmental & Safety Engineering, Changzhou University, Changzhou 213164, China) ' __-f'r:u'|

Abstract: The by-products produced during chlorination” of pharmaceutically active ¢ompeunds (PhACs) have createds w1despredd

public concern. Chlorination of a typical PhAC, napfexen ( NAP), was studied. NAP chlorination parameters ¢ 1nteymed1ates

identification, chlorination mechanism, and risk assessment during chlorination procgss have alsp been discussed. The resnflts showed

that NAP chlorination could fit well with the figt-ordef Kinetics. The rate of removal'and rate”constants ‘'of NAP chlorination detredfed

with increasing initial’ NAP concentration and’ammonium dosage;, while these values inéreased with iricreasing initial free phlonne

concentration. A(ldlc condition of the solution fcould ngﬁlfleantly promote NAP chlorlnauon Five intermediates were identified by

HPEC- MS/MS ¢ dnd the/mechanism of NAP Ll‘ﬂonndtiﬁl;l wés also put forward. Vlbrlo flbbherl tOXl(I,:lty analysis and ESCOAR_predic tlon_,.
indicated! that hlgher t0x101ty intermediatés wére producedr dunng NAP chlormatlon ?hlch pose aa potential threat to dlrlnklngl waler

safety. f :

Key Words : nafroxen (NAP) chlorination; ’iegrdddt]oﬂ‘l mechanismy; intermediate product risk assessment
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#| Na,SO,. NaOH. HCl. (NH,),S0,. KH,PO, .
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18.3 MQ-cm).
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17, WARBEIFETF IR RN 34 5). B—E & NAP
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2 HR5iTE

2.1 44k NAP 3 Fes) Jy2
%%ﬁmw@%mﬁ4mgUK%%%W%
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ME 1 AT LAE H, NAP 595 55 S ik | 76
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0 15 30 45 60 75 90
JiL R I /s

El1 SRR NAP N %
Fig. 1 Kinetics of NAP chlorination
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90 s NZEBRFIEF 93.2% . F—Z i h J124[ 2
(2) . X (3) ] RBA T I E R, N o R H R
0.039 s~', R* 40.992 8, K¥a 4k Fa b AT & —
G

—~ d[NAP]/dt = K, [ NAP] (2)
~In([NAP]/[NAP],) =k, -1t (3)
o, [ NAP] 7R AE 2 i 20 BN AR & v NAP (v
JE, mg-L™', [ NAP], %" NAP 4 4f W )&,
mg-L~" K, H—G R ) 12 R R, s
(a) FZ B i

400

S VR AE BAL RS A = 2R 2063 fn 4 we
G (E, =230 nm) WK 2. AN 2(a) ATHI, NAP
¥ E /E, (230 nm/350 nm) &b 45—~ B S () 58 6 4
fEWE (I A). B S AL NAP SRR RO HEAT, 16 A 3¢
St B B R, R AE E/E, (230 nm/430 nm)
b R — BT G0 B, 1A HEDN R B NAP (&
figrba [ & 2(b) L 2(d) ]. 90 s J5 NAP 2G4
R, RN =Yg B 1768 B A 2 i K[
2(c) . 2(d)].

(b) B30 sf5
400 5

380 0 380
360 100 360
340 200 | 340
E = E
5 320 < 5 32
2 300 5 %
R 30 400 3 & 300
= 4 2 =
250 § 500 280 £
260 600 260
240 700 240
220 : 800 220
300 350 400 450 500 550 300 350 400 450 500
() FLIE90 sk (d) 3% (Eq =230 nm)
400 < 400
380
700 -
360
600
g 340 5 5
£ 2 2 s00
o320 B =
= = o 400
g 300 i
280 ® 300
260 200 |
240 100
220 e 0 = o' W
400 450 300 350 400 450 500 550
FE A A nm B i 4e/nm
E2 NAP S EBHR=ZHEURNREM R TN THh

Fig. 2 Changes of the 3D-EEM fluorescence and two-dimensional fluorescence spectra during NAP chlorination

2.2 NAP WM 15200

s EA AW} 2 mg- L™, pH =3.5, ¥
BFRIA 90 s, 548 NAP U vik B X S R ff NAP 25
BRACR 520 , 25 LI 3 FiZk 1.

HE 3 f1k 1 A%, 5 AANERI LR NAP 1)
Rof St B 17 1) RE AR 47 i A5 5 — G B 1 By g 2 B8
NAP 77 4 X G AL B At NAP 25 BRI 2 00 BH .
M NAP WA 1 mg- L~ #4805 12 mg-L~"BF,
FA i 2 B0, 138 1 s ' FI4510. 0054 s ', Bl
& NAP WU B BTN, B A T R R 1K

NAP YJh6 v FE 038 i 45 B AL AR B NAP 43

FROECERE N, AE SO0 AR i B A L AN
FIETHE T, U0 T NAP 5 HCIO 437 22 8] Filf 18 422 fi
MIALSs, TSI T NAP M FE MRS, Bk, 24

#£1 AE NAP VAR ET NAP M— RN Eh hF S 4
Table 1

Degradation parameters of the first order kinetics

at different initial concentrations of NAP

NAP PG/ mg- 17! K, /s R? Lipn/s
1 0.138 1 0.93 2.5
2 0.0863 0.97 8.0
4 0.0335 0.99 17.7
8 0.007 3 0.97 85.6
12 0.005 4 0.93 117. 4
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o F e —— TSR, SR S % 3. thlE s i,
\ Ii’;iﬁil —¢— L2mgl™ YWY pH EM 3.5 A2 9.0 iF, 90 s 4 NAP
2B R N 99. 9% i [ 2 8.2% . W5 1A

pH {EAITHE, NAP Y2553 BH AR
£2 FEBEEMERET NAP W— R B HE5H

Table 2 Degradation parameters of the first order kinetics

08 -

0.6

clep

04 -
at different initial free chlorine concentrations

o2 L B NI /mg- L7 Ky /s R tin/s
0.5 0.002 2 0.94 308.5
o L 1 0.007 6 0.99 87.0
(1] |t5 3::] 415 ﬁlﬂ '.-'15 91(] 2 0.0309 0.99 21.3
IR R /s 3 0.0857 0.98 13.2

E3 NAP ¥R ET S NAP K200

Fig. 3 Effects of the initial concentrations on NAP chlorination Iﬁ‘ NAP &4 2 v E’Jﬁxj{%)ﬁﬁf%j{] HC]O
0 A Bk ZJ\ [19] .
, ) + ey b A5 7S e
2.3 m?%%%ﬂﬁn/iﬁfiéﬁ% L AT ATACA bt

1E5 BAT pH (I THE, WU HCIO 32 #i AL
BN I I, R BFGEAE NAP WA iy 4 CI0 . FUERRULAETI B HCI0 B AT .
mge L, pH=3.5, TRIAHEIY 90 s (04 ppF, & LEOh, NAPJR—FRSIM(pK, =4.15) 5 pH H9ThA 3

I BV X R NAP 2R g, ORISR NAPBEE (NP A Clo” i/ i,
SEELE 4 FIFE 2. K 4 7Uﬁ3ﬂ§ﬁ%%@]ﬁA FHTEETTPFFjJ’NAP %l] 'CIO E’inf“gﬁﬂ[?“ y, 1§

ST ok PN [F] B9 NaClO 15 W Sk ol 722 it

W 0.5 mg- L7 NS 3 -1 fif, Wi, T NAP AR | i
R0, 002 2/ st;ﬂ?ﬁJo 0857 s 1:,, Bﬁ%”;ﬁﬁ,@ 100 |
e B g S | e o AL

A0 5 NAP % 4 J2 1 1 & B b or
5pH% . NaClo Z:T;7j<tlﬂ7kﬁ@¢ﬁz H(;iO[JigAL)] 5 ol
NaGlO H i i , 4 i 1 SR VR ﬁﬁ By g‘f
/ﬁ@nhfﬁngzeg HCL0,, AT 2 WA Ak . 2wl

' ClO” + H,0 ==HCIO + OH" (4) :
1.0 20 J‘ I
0s | R - I_E_‘

pH
E5 pH EX SRR NAP KI#M
Fig. 5 Effect of pH on NAP chlorination

0.6

cleg

04
&3 7FE pHETSMERE NAP W— R ME N FERUSSH

—=—0.5mg-L7'N Table 3 Degradation parameters of the first order

02 I mg-L! \}\

—a— 2mgL”! kinetics at different pH

0 | —v—3mgL” ) “!——-__,___' M W pH {E K,./s™! R? tin/s

0 5 0 4 60 75 % 3.5 0.2405 0.96 4.2

212 I ) /s 5.8 0.002 7 0.95 248.6

4 HBESVRREITSBERR NAP K0 7.0 0.0020 0.84 328.9

Fig. 4 Effects of initial free chlorine 9.0 0.001 0 0.99 693. 1

concentrations on NAP chlorination
2.4 pH {HIIEM 2.5 AMRE T
ZELTFE NAP WIGRMEE R 4 mg- L7, U5 MBS T (NH, ) 78 H AR AR T2 A2 7. 5

WIMEHEE 5 me- L™ I, AN[E pH [EXT5AREM NAP  BGHFSE 77 NAP WA MR IE N 4 mg-L~" Ui BS540
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UEYREE N 2 mg- L™, pH =3.5 B, AR BT

XS AR NAP B2, 45901 6 Nk 4.

x4 FRSREFRMETSIEM NAP B —RREHNFESH
Table 4 Degradation parameters of the first order

kinetics at different ammonium dosages

ARBEF R/ mg- L7 Ky /7! R tip/s
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34 0.009 1 0.85 54.3

51 0. 005 4 0.89 113. 1
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Fig. 6 Effect of ammonium on NAP chlorination
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Table 6  Acute toxicity of NAP and its intermediates

estimated by the ECOSAR software

16196 h /K3 48 h LB 96 h
W LCsy/mg-L"! L.Csp/mg-1.~! ECsy/mg-1.7!
NAP 193.337 121. 188 117. 693
Pr204 0.771 0.579 2. 144
Pr234 7.423 4. 856 4.956
Pr236 4.235 3.752 2. 803
Pr250 54. 603 27. 884 114. 285
Pr264 58.618 38.950 40. 475
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